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neuromuscular block and 




comparison to 


superior to antagonists 




antagonists 


regarding efficacy 


Recommended doses for 


Multiple randomized 


Recommended doses are 


profound, deep and moderate 


clinical trials 


currently under postmarketing 


neuromuscular block (immediate 




surveillance (Phase IV) 


reversal following 1 .2 mg/kg 






rocuronium, PTC 1-2, TOF-C 2) 






Doses for shallow neuromuscular 


Single center 


Further studies (including 


block (TOF-C 4, TOF ratio 0.5) 


randomized trials 


safety) pending 


Disease-oriented evidence 






Renal disease 


Multicenter 


2 mg/kg sugammadex is 




parallel-group trial 


efficient in patients with renal 
failure (creatinine clearance 
<30 mL/min), however current 
recommendations are to use 
sugammadex only if creatinine 
clearance >30 mL/min 
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RSI 


Several randomized 
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sugammadex are an alternative to 
succinylcholine for RSI 


Cesarian section 


Several case series 


Rocuronium and sugammadex 
might be a possible alternative to 
succinylcholine for RSI for patients 
undergoing a Cesarian section 


Electroconvulsive therapy 
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8 mg/kg sugammadex after 
electroconvulsive therapy is 
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alternative to succinylcholine 
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to rocuronium 
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treatment of anaphylaxis has priority 


Economic evidence 
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No prospective 


Economic benefits highly 




randomized 


dependent on country, state or 
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hospital reimbursement system as 
well as operation room logistics 


Abbreviations: PTC, post tetanic count; TOF-C, train of four count; RSI, rapid sequence induction. 



Introduction 

Muscle relaxants are routinely used worldwide as part 
of a modern concept of balanced anesthesia. They can 
be categorized as depolarizing (eg, succinylcholine) and 
nondepolarizing (steroid-based and benzylisoquinoline) 
muscle relaxants. Although nondepolarizing muscle relax- 
ants have very few adverse effects (mostly allergic reactions) 
during anesthesia, a residual duration of action of muscle 
relaxants beyond the end of the operation, also referred to 
as postoperative residual curarization, is a well-known 
problem. Postoperative residual curarization can lead to 
respiratory insufficiency, 1 impaired upper airway func- 
tion, 2 and increased risk of aspiration 3 and consequently, 
of the risk of postoperative pulmonary complications. 4 

For decades, anesthesiologists have had three options 
for avoiding postoperative residual curarization and its 
complications: 

1. They can opt not to use muscle relaxants at all. This, 
however, is not considered state of the art practice for 
several reasons: endotracheal intubation without using 
muscle relaxants increases the possibility of a difficult 
intubation, 5 the risk of iatrogenic laryngeal trauma, and 
postoperative hoarseness. 6 



2. They can wait until the muscle relaxant is metabolized 
and neuromuscular transmission and muscle function 
has fully recovered spontaneously. However, aside from 
the different durations of action of the different muscle 
relaxants, there are also enormous interindividual differ- 
ences in the speed that muscle relaxants are metabolized 7 
and therefore, in how fast the patient recovers from 
paralysis. 

3 . They can antagonize the residual effect of muscle relax- 
ants with a cholinesterase inhibitor, eg, neostigmine. This 
antagonism, however, has shortcomings: 

a. Cholinesterase inhibitors work indirectly by increas- 
ing the acetylcholine concentration in the neuromus- 
cular junction. This increases the chance of displacing 
the muscle relaxant from the acetylcholine receptor. 
Cholinesterase inhibitors can therefore only be used 
if the neuromuscular function has already recovered 
to a certain degree. In general, sufficient recovery to 
enable antagonism reversal is beyond a train of four 
(TOF) count of 4. 

b. As cholinesterase inhibitors act, not only at the neu- 
romuscular junction, but also, in the parasympathetic 
system, they have numerous unwanted side effects, eg, 



submit your manuscript | www.dovepress.com 
Dovepress 



Core Evidence 2013:8 



Dovepress 



Sugammadex as a reversal agent for neuromuscular block 



bradycardia. Thus, they are typically combined with a 
muscarinic antagonist (parasympatholytic drug), such 
as glycopyrrolate or atropine. 
With the invention of sugammadex, a completely new 
possibility of neuromuscular block reversal was introduced to 
anesthesia practice. Sugammadex was approved for clinical 
use in Europe, in 2008 and in Japan, in 20 1 0. Approval in the 
US by the Food and drug Administration (FDA) is pending. 

This review will give (1) a short overview of the phar- 
maceutical properties of sugammadex and (2) focus on its 
clinical use. We searched in several databases (eg, PubMed 
and Medline) for peer-reviewed articles on sugammadex that 
were published before April 2013. 

Pharmacology 

Molecular characteristics 

Sugammadex is a modified y-cyclodextrin specifically 
designed to encapsulate the muscle relaxant rocuronium. 
y-cyclodextrins are cyclic oligosaccharide carbohydrates 
made of eight sugar molecules obtained from the degradation 
of starch, y-cyclodextrin is a hydrophilic molecule with a lipo- 
philic core that can encapsulate other lipophilic, preferably 
steroidal molecules, y-cyclodextrins therefore have aqueous 
solubility, with the ability to bind lipophilic drugs. Although 
the eight identical hydroxyl side chains of sugammadex were 
specifically designed to bind rocuronium, the other steroidal 
muscle relaxants, vecuronium and pancuronium, are also 
bound by sugammadex, albeit with a much lower affinity 
(the equilibrium affinity constant value of rocuronium for 
sugammadex is 25,000,000 M, while for vecuronium, is 
only 10,000,000 M, meaning that the affinity is 2.5 times 
higher for rocuronium compared with vecuronium). 8,9 One 
molecule of sugammadex is able to noncovalently bind one 
molecule of steroidal muscle relaxant. This binding is further 
increased by acid groups (COO—), which add an additional 
electrostatic bond interaction with the positively charged 
nitrogen of the muscle relaxant. No affinity exists to other 
muscle relaxants, like succinylcholine, mivacurium, atracu- 
rium, or cisatracurium. 

Pharmacokinetics 

When sugammadex is intravenously injected (central 
compartment), it immediately binds free intravascular 
rocuronium. This leads to a concentration gradient, which 
shifts rocuronium from the peripheral compartment (includ- 
ing the effect compartment, ie, the neuromuscular junction) 
towards the central compartment, where it is also encapsu- 
lated by sugammadex. This rapidly restores neuromuscular 



transmission and muscle function. A higher sugammadex 
dose is therefore more effective to lower the free rocuronium 
concentration in the plasma than a lower one. 9 

In a dose range of 0. 1 to 1 6 mg/kg, the pharmacokinetics 
of sugammadex show a linear, dose-dependent relationship. 10 
The elimination half-life of sugammadex is approximately 
100-150 minutes. It is not metabolized in the body and is 
nearly 100% cleared by the kidneys, with a clearance of about 
75-120 mL/min, which equates to the normal glomerular 
filtration rate. Sugammadex is rapidly excreted from the 
body: a study using radioactive labeled sugammadex showed 
that in healthy volunteers, 70% of the dose was excreted in 
6 hours and over 90% in 24 hours. 11 Other data suggests 
an excretion of 59% to 80% in 24 hours. 9 It is of clinical 
relevance to note that in the presence of sugammadex, the 
hepatic biotransformation and final clearance, via biliary 
excretion, of rocuronium is changed to a completely differ- 
ent (liver-independent) renal pathway. As a result, special 
consideration must be given to patients with renal failure. 
Although sugammadex works as efficiently as in patients with 
normal renal function, ie, the mechanism of action of sugam- 
madex is independent of renal perfusion, 1213 only 29% of the 
sugammadex-rocuronium molecules are cleared in 72 hours 
in end-stage renal failure. 14 Although no cases of reoccur- 
rence of neuromuscular block using 2 mg/kg sugammadex 
at a return of T2 (2nd twitch of TOF stimulation) in renal 
failure patients have been reported, the use of sugammadex 
is not recommended in patients with low creatinine clearance 
(<30 mL/min) or in need of dialysis, since the studies on this 
topic were not powered for safety. 1013 However, sugammadex 
can be dialyzed with the appropriate dialysis filter. 15 

Clinical use/dosage 

Depending on the muscle relaxant used and the depth of the 
neuromuscular block at the time of reversal, different sugam- 
madex doses are recommended. The doses should be able 
to accelerate the speed of recovery from the neuromuscular 
block to a TOF ratio of 0.9 in an average of 3 minutes. The 
different doses for rocuronium are summarized in Table 1 . 

There is no dose recommendation for the immediate 
reversal of a vecuronium-induced neuromuscular block. The 
sugammadex doses to reverse a deep (posttetanic count [PTC] 
of 1-2) or a moderate (TOF count >2) vecuronium-induced 
neuromuscular block are the same as for rocuronium; how- 
ever, due to the lower affinity, the speed of recovery from 
the neuromuscular block is slightly slower (3.3 minutes after 
4 mg/kg sugammadex, at a PTC of 1-2, 16 and 2.3 min after 
2 mg/kg, at a TOF count >2 17 ). 
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Table I Sugammadex doses for an average reversal time of 3 minutes in a rocuronium- induced neuromuscular block 



Dose 

sugammadex 


Indication 


Mean recovery 
time to i Ur u.y 


Remarks 




16 mg/kg 10 " 
4 nig/kg 101 " 021 
2 mg/kg 101 " 2 " 25 
1 mg/kg 26 
0.22 mg/kg 27 


Immediate reversal after 1.2 mg/kg rocuronium 

Routine reversal of deep neuromuscular block (PTC 1—2) 

Routine reversal of moderate neuromuscular block (T2 appearance) 

Reversal at reappearance of four twitches to TOF stimulation 

Reversal at TOF 0.5 


1 .5 minutes 
3 minutes 
2 minutes 
2 minutes 
2 minutes 


Data from 
Data from 


single-center RCT 
single-center RCT 


Abbreviations: PTC, posttetanic count; RCT, randomized controlled trial; TOF, train of four count. 



Doses of up to 96 mg/kg sugammadex have been tested 
and did not show any adverse effects in healthy adults. 18 

Specific patient groups 

Children 

Depending on their age, pediatric patients have shown a 
high variation in response to muscle relaxants as well as in 
recovery from neuromuscular block. 28 Regarding the use of 
sugammadex in infants and children, little data is available 
due to the difficulty of obtaining informed consent in the 
pediatric study population. The recommended doses for 
adults seem to be equally efficient but have a faster onset 
time, with a very narrow range of individual response. 22 So 
far, sugammadex has only been approved in children above 
2 years of age, at a dose of 2 mg/kg for reversal of a moderate 
(TOF count >2) neuromuscular block. 10 

Elderly 

Several studies have attempted to elucidate the changes in the 
efficacy and pharmacokinetics of sugammadex when used 
in elderly patients. In general, in patients above 65 years, 
recovery time has been prolonged, from <2 minutes 
to <4 minutes. This, however, is still considered to be 
sufficient. Therefore, no different dose recommendations 
have been issued. 10 - 29 - 30 There is still discussion regarding 
whether or not the prolonged recovery time in elderly patients 
is a result of reduced cardiac output. 31-33 

Obesity 

In obese patients, the dose of rocuronium is calculated 
according to ideal body weight, 34 " 37 whereas it is recom- 
mended to dose sugammadex according to actual body 
weight. 10 Interestingly, a dose of sugammadex calculated 
according to ideal body weight seems to be insufficient to 
reverse deep and moderate neuromuscular blocks in morbidly 
obese patients, 38 while a dose calculated according to ideal 
body weight +40% was shown to be effective in a clinical 
study 39 (mean reversal time <2 min). A final consensus on 



optimal sugammadex dosing in obese patients has not been 
reached so far. 40 " 43 However, neuromuscular monitoring 
is recommended in all cases since a reoccurrence of the 
neuromuscular block is possible in obese patients receiving 
inadequate doses of sugammadex. 44 

Pregnancy and breastfeeding women 

There is no clinical data available for the use of sugamma- 
dex in pregnant women. Animal studies showed no sign of 
direct or indirect negative side effects on the fetus, birth, or 
postnatal development. 10 

It is not known whether sugammadex is excreted into breast 
milk. Animal studies showed a certain degree of excretion. 
However, oral absorption of sugammadex is low, and no 
effects on the infant are expected. Sugammadex therefore is 
considered to be safe to use in breastfeeding women. 10 

Specific indications 

Sugammadex as acute therapeutic 
option in the event of an allergic 
reaction against rocuronium 

An allergic reaction to rocuronium is one of the most common 
causes of anaphylaxis in anesthesia. 45 The clinical appearance 
can range from a flush to cardiocirculatory arrest with the 
need for cardiopulmonary resuscitation. 46 The exact incidence 
rate can only be estimated and varies from country to country. 
In France, where most case reports on rocuronium-induced 
allergy have originated, the incidence rate was estimated to 
be 1 in 6,500 anesthesia cases. Other estimates range from 
1 in 1 ,000-2,000 to about 1 in 20,000 46 It is more common in 
females (4: 1), while history of allergies is not a risk factor. 46 
Since sugammadex binds rocuronium, it has been speculated 
that it can be used in an allergic reaction to rocuronium, to 
ameliorate the allergic cascade and subsequent symptoms. 
Several studies 47 ^ 19 proved that with the encapsulation of 
rocuronium and building of the rocuronium-sugammadex 
complex, the epitope of the rocuronium molecule (which 
induces the allergic reaction) is hidden and does not further 
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facilitate the allergic reaction. However, once the allergic 
cascade and mast cell activation has already been triggered, 
there are doubts that the withdrawal of rocuronium can stop 
the anaphylactic process. Although in an animal model, 
sugammadex reduced mast cell degranulation and number, 50 
sugammadex did not stop the allergic reaction in a cutaneous 
model 47 once it had been triggered by rocuronium. The same 
was true in a blood test study of three patients who were 
allergic to rocuronium. 49 

Clinically, only case reports on the treatment of a 
rocuronium-induced anaphylactic reaction with sugamma- 
dex are available. Six reports of female patients 46 - 5 1-55 have 
been published that have shown an immediate and positive 
effect of sugammadex in a rocuronium-induced anaphylactic 
reaction. In contrast, there is a case report of another female 
patient 56 who showed a similar timeline as was described in 
the other reports and a sudden improvement, without the use 
of sugammadex. It is speculated that the positive effects of 
sugammadex might be the non-immune-mediated effects on 
cardiac preload and afterload, secondary to the resumption 
of muscle tone. 57 However, since most patients also received 
standard treatment for anaphylaxis, it is difficult to differenti- 
ate the individual effects of the different drugs. Since random- 
ized studies are not possible for this scenario, further case 
reports and preclinical studies might be helpful to elucidate 
the possible effects and underlying mechanisms. 

In summary, if sugammadex is to be considered as a thera- 
peutic option for a severe allergic reaction to rocuronium, it 
should be given early and at a high dose, of 16 mg/kg. 51 

Rapid sequence induction (RSI) 
and "cannot intubate, cannot 
ventilate" situations 

Until now, succinylcholine has been the "gold standard" 
muscle relaxant for rapid sequence induction (RSI), due 
to its fast time of onset and short duration of action. 
However, succinylcholine has numerous contraindications 
and unwanted side effects, such as hyperkalemia, myalgia, 
and rhabdomyolysis. Rocuronium has been shown to be an 
alternative, with identical intubation conditions when used 
in appropriate doses ( 1 .2 mg/kg). 58 A drawback to the use of 
a three- to fourfold effective dose (ED95) of rocuronium is a 
long duration of action, which could potentially endanger the 
patient in a "can't intubate, can't ventilate" situation. With the 
availability of sugammadex, the use of succinylcholine, with 
all its potential hazards, seems unnecessary. Several studies 
have shown that the rocuronium-sugammadex combination 
works as fast as succinylcholine regarding onset and recovery 



time. 59-61 This has also been supported by a Cochrane review 
that showed that the rocuronium-sugammadex combination 
to be potentially safer than succinylcholine. 62 

However, before high-dose rocuronium is used for RSI 
with the idea of possible immediate reversal with sugam- 
madex, it is of utmost importance that the anesthesia staff 
be adequately trained regarding the dose calculation and 
that there be storage of sugammadex within the operating 
area. Due to the high cost, in some institutions, the vials of 
sugammadex are often locked away or stored in a central 
area, making it unavailable for immediate use by every 
anesthesiologist when needed. This requirement is supported 
by a study that simulated a manikin-based "can't intubate, 
can't ventilate" situation and that showed that the appropriate 
dosage was difficult to calculate for anesthesia teams in an 
emergency scenario, leading to a delay in administration of 
sugammadex by, on average, 6.7 minutes. 63 Further, in such 
a case, time is important since the recovery with rocuronium 
does not happen immediately but only with the administration 
of sugammadex, which requires an active decision followed 
by the actual action. 64 - 65 In a situation with impending hypoxia 
due to the inability to oxygenate an anesthetized patient, time 
delays of even in the range of minutes can be crucial. 

From a clinical point of view, it should always be 
remembered that avoiding a "can't intubate, can't ventilate" 
situation should be the primary focus of every anesthetist. 
Reversing a rocuronium-induced neuromuscular block with 
sugammadex only reverses the muscle paralysis. However, 
since the patient will have also received opioids and hypnot- 
ics, this does not necessarily mean that the "can't intubate, 
can't ventilate" situation is resolved. 66-70 Thus, the most 
important task in avoiding a "can't intubate, can't ventilate" 
situation is the clinical evaluation of the upper airway. In case 
of an anticipated difficult intubation, other options than the 
possibility of sugammadex reversal, eg, Awake Fiberoptic 
Intubation should always be considered first and be available, 
and the anesthetist trained to perform this. 

Cesarean section 

When general anesthesia is given to patients receiving a 
Cesarean section, a rapid sequence technique is used, as 
pregnant women are not considered to be nil per os. As 
stated above, the use of 1 .2 mg/kg rocuronium to facilitate 
endotracheal intubation is equally effective as 1 mg/kg 
succinylcholine. Rocuronium has not shown untoward effects 
on the neonates; 71 if the neuromuscular block is reversed 
with sugammadex, this would occur after the baby is deliv- 
ered, when the woman is no longer pregnant. However, 
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so far, there have only been three case series of Cesarean 
sections 72-74 available that detail the combination of rocuro- 
nium and sugammadex being used instead of succinylcholine. 
This regimen therefore seems a possible alternative that 
should be further investigated. 

Electroconvulsive therapy 

Electroconvulsive therapy (ECT) is another special indication 
for RSI. General anesthesia with complete muscle relax- 
ation is mandatory for ECT; however, a treatment session 
only lasts several minutes. Succinylcholine is the preferred 
muscle relaxant for ECT for the same reasons as mentioned 
previously regarding succinylcholine and RSI. However, the 
combination of rocuronium and sugammadex is a promising 
new clinical alternative. A single-center study showed that the 
efficacy of rocuronium followed by 8 mg/kg sugammadex at 
the end of the ECT treatment was equally effective regarding 
recovery time compared with succinylcholine alone. 33,75 

Myasthenia gravis and other 
specific myopathies 

The use of muscle relaxants in patients with muscular and 
neuromuscular diseases is challenging due to the altered 
sensitivity towards muscle relaxants, preexisting muscle 
weakness due to the myopathy itself, and also, the possible 
use of cholinesterase inhibitors as medication. Nonetheless, 
muscle relaxants should not be avoided in these patients if 
they require endotracheal intubation. The new strategy of 
muscle relaxant reversal using sugammadex seems to be a 
safe and reliable option in these patients. Six case reports 
in patients with myasthenia gravis document the successful 
use of sugammadex. 76-80 For other rare muscular diseases, 
such as dermatomyositis, 81 Duchenne muscular dystrophy, 82 
myotonic dystrophy, 83-88 spinal muscular atrophy, 8889 and 
amyotrophic lateral sclerosis, 90 case reports document the 
successful reversal of rocuronium with sugammadex, so 
that muscle function was quickly and reliably restored to the 
patients' preoperative state. 

Safety 

The most clinically relevant common side effects (>2%) 
of sugammadex are due to the fast recovery of the muscle 
function during balanced anesthesia, which might unmask a 
too light anesthesia. In such cases, the patient might cough, 
move, grimace, or suckle on of the endotracheal tube. 10,91 

QT-Prolongation has been a concern since there have 
been reports of possible QT prolongation 19 24 and one case 
of atrioventricular block after sugammadex. 20 Several larger 



studies, however, have proven the safety of the drug, 92-95 so 
that other factors during the administration of general anes- 
thesia may have been a trigger in the reported cases. 

As with all drugs, allergic reactions towards sugamma- 
dex are of concern. Cyclodextrins are ubiquitous molecules; 
therefore, an allergic predisposition is possible. This has 
been confirmed by several case reports of allergic reac- 
tions in patients who had received sugammadex for the first 
time. 96-99 Reviews of both the published approval studies 100 
and of retrospective data from a single center in Japan over 
a period of 1 year 97 show an incidence below 1%. 

Of clinical concern is the possible reoccurrence of neuro- 
muscular block. In 2% of the patients in the Phase I — III trials, 
neuromuscular block deepened again after it had initially 
recovered. 9,44 However, all patients with reoccurrence had 
not received the adequate dose of sugammadex, ie, they had 
received less than the recommended dose. In these patients, 
the redistribution of rocuronium from the peripheral com- 
partment to the central (intravascular) compartment led to 
rocuronium plasma levels that were not adequately hepati- 
cally metabolized, nor encapsulated by free sugammadex, 
leading in turn, to a second redistribution into the effect 
compartment (neuromuscular junction). The reason that 
a small shift of rocuronium back into the effect compart- 
ment can lead to reoccurrence of neuromuscular block lies 
in the physiologic margin of safety of the neuromuscular 
transmission: A neuromuscular block only becomes evident 
when over 85% of acetylcholine receptors are occupied by 
the muscle relaxant; 101 in other words, full muscle contrac- 
tion, ie, a TOF ratio of 100% can be achieved even though 
75% of acetylcholine receptors are still occupied. Therefore, 
a small recurring dose of rocuronium is able to occupy 
enough acetylcholine receptors to reestablish a certain degree 
of neuromuscular block. In an unlikely case of reoccurrence 
of neuromuscular block, the anesthesiologist cannot wait to 
see what the deepest level of block during this event will be. 
Consequently a high and safe dose should be given. There 
have not been studies looking at such a scenario to date; for 
purely safety reasons, the manufacturer recommends 4 mg/kg 
sugammadex. 10 

Contraindications 

An allergy to sugammadex is the only absolute 
contraindication. Additional diligence is necessary for 
patients with (1) bleeding disorders, (2) impaired renal func- 
tion, and (3) patients using toremifene or fusidic acid. 10 

Phase I studies in volunteers using doses of 4 mg/kg up to 
1 6 mg/kg showed that sugammadex led to prolonged activated 
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partial thromboplastin time (aPTT) and prothrombin time (PT) 
or international normalized ratio (INR). These effects, how- 
ever, were limited in time (below 30 minutes) and were not 
found to be clinical relevant. If the risk of bleeding is increased 
(either by hereditary factor deficiencies, coagulopathy, or use 
of medication), the possible additional anticoagulatory effects 
of sugammadex might become clinically relevant. Multicenter 
trials that will specifically look at bleeding complication after 
the use of sugammadex are currently under investigation. As 
of today, from a clinical perspective, the benefits of giving 
sugammadex have to be individually weighted against the 
possible risk of bleeding in such patients. 10 

Due to its renal elimination pathway, sugammadex should 
not be used in patients with highly impaired renal function, 
ie, creatinine clearance below 30 mL/min, or in patients 
requiring dialysis. 10 

Sugammadex is a cyclodextrin specifically designed to 
encapsulate rocuronium. Therefore drug interactions with other 
molecules seem to be rare. However, a potential change in effi- 
cacy could not be excluded for toremifene (estrogen receptor 
modulator) and fusidic acid (bacteriostatic antibiotic). 102 Patients 
who receive these drugs might show a delayed recovery from 
neuromuscular block when receiving sugammadex. In addi- 
tion, sugammadex might affect the efficacy of progesterone. 
Therefore, one bolus administration of sugammadex has to be 
considered as equivalent to one missed dose of hormonal contra- 
ceptives. It is suggested to use either a nonhormonal contracep- 
tive method or to refer to the package leaflet of the contraceptive 
used and follow the directions for a missed dose. 10 

Multiple doses of sugammadex 

If a patient has to undergo a reoperation after receiving 
sugammadex, three options to manage the neuromuscular 
block are available: 

1 . the use of succinylcholine; 

2. the use of a benzylisoquinoline muscle relaxant (atracu- 
rium, cisatracurium, or mivacurium); or 

3. a second use of rocuronium. 

There is an ongoing discussion which is the best 
option. 103,104 Some data suggest that 5 minutes after the 
administration for sugammadex, rocuronium can be used 
again but may have a slower onset and shorter duration time. 
Due to the high elimination from the body, this is improved 
25 minutes after sugammadex has been administered. 105 The 
recommended doses for a readministration after sugamma- 
dex can be found in Table 2. The onset of relaxation might 
be prolonged to up to 4 minutes and the duration of action 
reduced to 15 minutes. 10 Neuromuscular monitoring is, in 



Table 2 Dose recommendations for 


rocuronium after sugam- 


madex use 




Wait time after 


Dose recommendation 


sugammadex 


for rocuronium 


5 minutes 


1 .2 mg/kg 


4 hours 


0.6 mg/kg 



Note: Data from Merck & Co Inc. BR/D/ON: ERAR - Product Information Annex I: Sum- 
mary of product characteristics. European Medicines Agency; London, UK. 20 1 3. 10 



every case, essential to adequately assess the neuromuscular 
block of the individual patient. 

Economic aspects 

To exactly determine the anesthesia costs per hour or case 
is impossible due to huge differences in health care systems 
between countries, states, and even hospitals. However, for 
a 2-hour long uncomplicated surgery case, the following 
cost estimates for anesthesia provide at least a possibility of 
comparison for the reader: USS956, for the US; 106 €722, for 
Germany; 107 and ¥61000, for Japan. 108 At a price of approxi- 
mately € 1 00 per 200 mg vial, sugammadex is one of the most 
expensive drugs in anesthesia. Data regarding cost effective- 
ness for sugammadex is rare. Although the reversal time 
with sugammadex is clearly shorter than with neostigmine 
or spontaneous recovery, this does not necessarily mean that 
this gained time can be translated to an increase in patient 
cases in the operating room or a reduced hospital stay and 
cost reduction for the patient. 109-111 

Most reviews do not see an advantage in the overall costs 
of sugammadex. 100 109 112 Others even argue that sugamma- 
dex can hardly make economic sense in a typical clinical 
setting; 113 to the contrary, it seems that sugammadex increases 
costs (8.22 euro/case calculated by Raft et al). 114 From a 
simple hospital economic point of view, the cost efficacy of 
sugammadex also depends on the individual reimbursement 
system. In Japan, where additional costs can be charged to 
the patient, sugammadex is, despite these arguments, widely 
used; in Germany, where the health care system does not 
reimburse additional drug costs of that kind, the use of sug- 
ammadex is limited. Due to large differences in staffing and 
logistics between different countries and hospitals, a decision 
regarding the cost effectiveness of sugammadex will, at least 
at the moment, remain an individual decision. 

Summary 

Sugammadex is a potent, fast, and safe reversal agent for 
aminosteroid muscle relaxants and has the potential to change 
anesthesia practice. It has revolutionized the way anesthe- 
siologists think about drug reversal and pharmaceutical 
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dose-response control. It also has the potential to eliminate 
succinylcholine from anesthesia practice. However, the price 
of the drug and the missing evidence of cost efficacy has led 
to a limited use in clinical anesthesia so far. 
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